Little is known with regard to how sex and stress might interact as vulnerability factors in cocaine abuse. In this study, we compared the effects of neonatal isolation stress on cocaine self-administration under extended access conditions and on subsequent responding in a cue-induced reinstatement paradigm in adult male and female rats. Pups from each litter were subjected to either neonatal isolation (1 h/ day) or brief daily handling from postnatal day 2 through 12. Adults rats were then trained to self-administer cocaine, and once they acquired lever responding for cocaine under a fixed ratio 1 schedule, they were given 24-h access to intravenous cocaine infusions (1.5 mg/kg) that were available in discrete trials (4, 10 min trials/h) for 7 consecutive days. At 10 days after the last discrete trial session, responding was assessed during six to eight 1-h extinction sessions that were followed by a 1-h cue-induced reinstatement session. Results revealed that females took more cocaine than did males over the 7-day discrete trial self-administration period and tended to respond at higher levels during the initial extinction sessions. Although intake did not differ between handled control rats and isolated rats under extended access conditions, stress effects were observed under subsequent extinction and cue-induced reinstatement testing conditions with isolated rats responding at higher levels during both phases. Notably, stress seemed to obscure sex differences in extinction responding such both isolated males and females responded at high levels. These findings demonstrate robust and enduring effects of neonatal isolation stress on cocaine seeking behavior in adult male and female rats.
INTRODUCTION
Studies with both humans and laboratory animals demonstrate that sex can be an important vulnerability factor for cocaine abuse. Although the rates of drug abuse are lower in women than in men (Substance Abuse and Mental Health Services Administration, 2001) , recent evidence suggests that women may be more vulnerable than men to some aspects of cocaine abuse. For example, women initiate cocaine use sooner, have more emergency room visits following crack use, and report a greater nervousness following intranasal cocaine than do men (for reviews see Lynch et al, 2002; Mello and Mendelson, 2002) . The course or progression to dependence may also differ between men and women. It has often been suggested in the alcohol literature that women progress through the landmark stages to dependence at a faster time course than men (Brady and Randall, 1999) . This has been termed telescoping and reflects a shorter time course for the development of medical consequences and behavioral/psychological factors characteristic of an alcohol dependence disorder. Similar suggestions have been proposed for cocaine abuse (Kosten et al, 1996) . Additionally, although cocaine-addicted women and men typically report similar levels of cocaine use (Evans et al, 1999) , women are more likely than men to report craving following exposure to cocaine-related cues , suggesting that during abstinence, women may be more motivated than men to use cocaine (Elman et al, 2001) .
Similar results have been reported with laboratory animals. For example, female rodents display more robust locomotor sensitization, greater rotational and stereotypic behavior, and greater increases in locomotor activity in response to cocaine compared to male rodents (Haney et al, 1994; Hu and Becker, 2003; Chin et al, 2001 Chin et al, , 2002 Glick and Hinds, 1984; Stewart, 1993, 1994; Camp et al, 1986) . Sex differences have also been observed for cocaine self-administration behavior during several different phases. For example, under low dose conditions, female rats acquire cocaine self-administration at a faster rate than do male rats (Lynch and Carroll, 1999; Carroll et al, 2002; Hu et al, 2004) , but once they have acquired, like humans, male and female laboratory animals typically do not differ in maintenance levels of cocaine intake (Lynch and Carroll, 1999; Roberts et al, 1989; Caine et al, 2004) . Females do, however, respond at higher levels under a progressive ratio schedule during the maintenance phase, suggesting that females are more motivated to obtain cocaine during this phase (Roberts et al, 1989) . Females also respond at higher levels under cocaine-induced reinstatement testing conditions . Additionally, we have recently compared male and female rats under extended access conditions using a discrete trial procedure (4 trials/h, 1.5 mg/kg) and found that females take more cocaine over a 7-day access period, and following a 10-day forced abstinence period, females are more motivated to obtain cocaine infusions than are males (Lynch and Taylor, 2004) . These findings may reflect compulsive aspects of addiction and they suggest that females may have a greater biological vulnerability to cocaine abuse than do males.
An additional factor that may predict a vulnerability to cocaine abuse is stress. Results from humans have shown that both psychological and physical stressors elicit craving for cocaine often to a similar degree as cocaine cues (Sinha et al, 1999 (Sinha et al, , 2000 (Sinha et al, , 2003 . Additionally, numerous human studies have reported a positive association between adverse life events, chronic stress/distress, and increased risk to drug abuse (for a review see Sinha, 2001) , suggesting that stress may contribute to not only an increased vulnerability to relapse to drug use during periods of abstinence but also to the development and maintenance of compulsive drug use (Coffey et al, 2002; Sinha, 2001) . In laboratory animals, a wide variety of stressors also have been shown to enhance cocaine and/or amphetamine selfadministration including foot shock (Goeders and Guerin, 1994, 1996; Erb et al, 1998) , tail pinch (Piazza et al, 1990) , food deprivation (Campbell and Carroll, 2001; Carroll et al, 1981 Carroll et al, , 1986 Shalev et al, 2003; Comer et al, 1995) , social isolation (Howes et al, 2000; Schenk et al, 1987) , and aggressive threat of attack (Tidey and Miczek, 1997; Haney et al, 1995) . Although most of these studies have focused on the acquisition or reinstatement phases, similar results have been reported during the maintenance phase (for reviews see Goeders, 2002; Lu et al, 2003) .
Recent work has shown that stress can also be a predictive factor of drug use vulnerability even if the source of the stress is not extant at the time of greatest risk for relapse (Haney et al, 1995; Covington and Miczek, 2001; Matthews et al, 1999; Kosten et al, 2000 Kosten et al, , 2004 Schenk et al, 1987) . For example, neonatal isolation stress has been reported to produce physiological and neurochemical changes that persist into adulthood and disrupt certain behaviors, including cocaine self-administration behavior (Matthews et al, 1999; Kosten et al, 2000 Kosten et al, , 2004 . As little as 1 h per day away from its mother and siblings for the second through the ninth postnatal day can have lifelong consequences for a rat pup (McCormick et al, 1998 (McCormick et al, , 2002 Kosten et al, 2000 Kosten et al, , 2004 Kehoe and Bronzino, 1999) . For example, neonatal isolation stress has been reported to increase rates of acquisition of cocaine self-administration behavior in adult male and females rats (Kosten et al, 2000 (Kosten et al, , 2004 . However, the effect of stress and its interaction with sex during other phases of the addiction process is not known. Thus, the objectives of these studies was to examine possible interactions of sex and stress on vulnerability to cocaine using self-administration procedures that capture aspects that are critical for human cocaine abuse, namely high levels of use and a propensity to relapse (APA, 1994; Jentsch and Taylor, 1999) .
METHODS

Subjects
Litters born to 12 Sprague-Dawley rats were sexed and culled to eight pups per litter, four females and four males each (except one litter with two females and six males), on postnatal day 1. Each dam and her litter were housed in a plastic cage with free access to food and water, and animals were maintained on a 12-h light/dark cycle (lights on at 0700) for the entire experiment. After postnatal day 12, all animals were left without handling until weaning on postnatal day 25 (except for periodic cage cleaning), when pups were weighed, marked, and caged in same-sex pairs. At approximately 65 days of age, all animals were housed individually. At approximately 90 days of age, each rat was anesthetized with a mixture of pentobarbital (4 mg/kg, i.p.) and chloral hydrate (20 mg/kg, i.p.) and implanted with a chronic indwelling cannula into the right jugular vein using methods that have been described previously . After cannulation, the rats were placed in individual operant chambers (ENV-018M; Med Associates, St Albans, VT), and once grooming and eating behaviors resumed, behavioral testing began (typically after 24-h of recovery). Rats were weighed a minimum of once per week, and immediately prior to and following 24-h access to cocaine under the discrete trial procedure. In order to control for the stress of handling, animals were not weighed during the 7-day period in which cocaine was available under the 24-h/day discrete trial procedure. Cannula patency was assessed approximately every 7 days, and if a cannula was not patent a new one was implanted into the left jugular vein and testing resumed a minimum of 24-h later. The health of the animals was monitored daily. The experimental protocol was approved by the Animal Care and Use Committee of Yale University and was conducted in accordance with guidelines set by the National Institutes of Health.
Drugs
Cocaine hydrochloride was purchased from Sigma Chemical Company (St Louis, MO), and dosages are expressed as the salt. Cocaine was mixed in sterile 0.9% saline and passed through a micro-filter. Cocaine infusions (1.5 mg/kg) were delivered at a rate of 0.024 ml/s and the infusion duration was adjusted according to the body weight of each subject (1.5 s/100 g). A relatively high dose of cocaine was tested in these experiments (1.5 mg/kg). This dose was selected based on previous work showing under extended access conditions using the discrete trial procedure, this dose of cocaine maintained high levels of use and dysregulated patterns of intake, particularly in female compared to male rats (Lynch and Taylor, 2004) .
Experimental Procedures
Neonatal isolation. The neonatal isolation procedure that was used has been described previously and has been shown to produce long-lasting physiological and behavioral effects (McCormick et al, 1998 (McCormick et al, , 2002 Kosten et al, 2000 Kosten et al, , 2004 Kehoe and Bronzino, 1999) . This procedure began on postnatal day 2. Half of the litters were randomly assigned to the neonatal isolation condition, and the other half were assigned to the handling-only control condition. In the isolated condition, each pup was removed from the dam and placed in an individual glass jar with bedding. The jars were set in a plastic container filled with heated water to maintain an appropriate body temperature (32-341C) in the pups. The plastic containers were placed in a heat and humidity controlled room, and the pups remained in this environment for 1 h per day. This procedure was carried out daily from postnatal day 2 through 12 between 0900 and 1200 h. The control animals were briefly handled (30 s) each day to control for the handling experienced by the isolated animals.
Cocaine self-administration training. In order to control for possible dam effects, each group (isolated and handled controls) was composed of rats derived from six different litters. Rats were initially trained to self-administer a high dose of cocaine under a fixed ratio 1 schedule in order to ensure that all animals acquired cocaine self-administration. Specifically, after a minimum of 1 day recovery from surgery, the rats were allowed to self-administer cocaine infusions (1.5 mg/kg) during daily sessions beginning at 2400 hours. At the beginning of each training session, the left lever (cocaine-associated lever) was extended into operant chamber and each response on it produced an infusion of cocaine, and the stimulus light about the lever was illuminated for the duration of the infusion (approximately 5 s). Each rat received one 'priming' infusion at the beginning of each training session. The left lever remained extended into the chamber and cocaine infusions were available until a total of 20 injections were obtained. Rats generally began self-administering cocaine at the start of each daily session (2400 hours) and obtained all 20 infusions in approximately 3 h (1500 hours). The right lever (activity lever) was extended into the chamber for the duration of the experiment, and responses on it were recorded but produced no consequence. Responding was assessed daily under the fixed-ratio schedule until rats met criteria for acquisition. Acquisition of cocaine self-administration was defined as five consecutive sessions in which rats earned all 20 infusions that were available.
Cocaine self-administration under a 24-h access discrete trial procedure. Once rats acquired cocaine self-administration under a fixed-ratio schedule, responding was assessed for seven consecutive sessions under a 24-h discrete trial procedure (Roberts et al, 2002; Lynch and Roberts, 2004; Lynch and Taylor, 2004) to determine whether isolated males (n ¼ 12) and females (n ¼ 12) differed from handled control males (n ¼ 13) and females (n ¼ 12) on patterns and levels of intake under extended access conditions. However, over the course of the 7 day 24-h access discrete trial procedure, signs of toxicity (eg rapid weight loss, death) were apparent in two out of the 12 isolated females rats tested, one out of the 12 isolated males tested, and one out of the 12 handled control females tested.
These animals were removed from the study and their data were not included in the final analyses. Trials were initiated every 15-min for a total of 7 days. Each 10-min trial began with the introduction of the left lever into the chamber. Each response on this lever during a 10-min trial produced an infusion of cocaine (1.5 mg/kg/infusion), and the stimulus light above the lever was illuminated for the duration of the infusion (approximately 5 s). A discrete trial was terminated and the lever was retracted following a response under a fixed-ratio 1 schedule or after 10-min had elapsed.
Extinction and cue-induced reinstatement following a 10-day forced abstinence period. In order to examine the effects of sex and stress on drug-seeking behavior following extended access to cocaine, isolated males (N ¼ 11) and females (N ¼ 10) and handled control males (N ¼ 13) and females (N ¼ 10) were tested under a cue-induced reinstatement procedure. Data from one of the original 11 handled control females was not included due to equipment failure. Following the last 24-h discrete trial session under the discrete trial procedure, rats were removed from the operant testing chambers and individually housed in a colony room in order to make more efficient use of the operant testing chambers. Rats remained in these boxes for 10 days. At 10 days after the last discrete trial cocaine selfadministration session, animals were re-housed in operant test chambers, and responding was examined under an extinction/cue-induced reinstatement paradigm. This time point was selected based on previous findings with male rats, showing that cue-induced reinstatement responding was significantly increased from baseline at this time point (Grimm et al, 2001) and from recent results from our laboratory showing that females are highly motivated to obtain cocaine infusions following a 10-day forced cocaine abstinence period (Lynch and Taylor, 2004) . Extinction responding was assessed in 6-8, 1-h sessions. Each 1-h extinction session was initiated by the introduction of the previously active lever and the illumination of the house light. The stimulus light and the sound of the pump, two discrete cues associated with availability of the drug, were not present during these sessions. At the end of each session, the house light was turned off and the lever retracted. All animals were given a minimum of six, 1-h extinction sessions separated by 5 min until they reached the extinction criterion of fewer than 15 responses per hour on the previously active lever (approximately seven sessions).
The cue-induced reinstatement procedure was a 1-h session beginning 5 min after the last extinction session. With this procedure, the discrete cues that were formerly associated with cocaine (eg sound of pump activation and stimulus light above active lever) function as conditioned reinforcers and serve to reinstate lever press responding (ie Grimm et al, 2001) . At the beginning of the cue-induced reinstatement session, one noncontingent presentation of the cues formerly associated with cocaine (sound of pump activation and stimulus light above active lever) was given at the beginning of this session. During this session, responses on the previously active lever led to the presentation of the stimulus light and sound of the pump cues on a fixed-ratio 1 schedule.
Data Analysis
The mean number of days to acquire cocaine selfadministration and mean daily cocaine intake over the 7-day period in which cocaine was avaiable under the 24-h discrete trial procedure were compared between males and females and isolated and handled control groups using separate two-factor ANOVAs. The total number of responses made during the first six 1-h extinction sessions was compared between groups using repeated measures ANOVA. The total number of responses made during the 1-h cue-induced reinstatement session was compared to the number of responses made during the last 1-h extinction session and between groups using repeated measures ANOVA with stress and sex as the between-subject factors and cue (no cue versus cue) as the within-subject factor. p-Values equal to or less than 0.05 were considered statistically significant.
RESULTS
Cocaine Self-Administration under a 24-h Access Discrete Trial Procedure Figure 1 shows mean daily cocaine intake observed under the 24-h access discrete trial procedure for male and female handled control and isolated rats. Females self-administered more cocaine than did males over the 7 days, and this effect was particularly apparent within the handled control animals. Compared to handled controls, isolated rats selfadministered only approximately 2% more cocaine (À3% for females and 7% for males). A two-way ANOVA revealed a significant overall effect of sex (F(1,41) ¼ 5.52, po0.05), but nonsignificant effects of stress (p40.05) and the interaction of stress and sex (p40.05). Thus, females selfadministered more cocaine than did males, but there was no significant effect of stress on intake.
Under these extended access conditions signs of cocaine toxicity were apparent in only a few of the total animals tested. Specifically, of the 24 females tested, three died or showed rapid weight loss over the course of the 7-day 24-h access discrete trial procedure. Of the 25 males tested, one died over the course of the 7-day 24-h access discrete trial procedure. Moderate weight loss was observed in all groups tested. Specifically, compared to the body weights observed prior to 24-h access to cocaine under the discrete trial procedure, the body weights observed immediately following discrete trial cocaine self-administration were decreased by an average of 10.5% (72.6) in isolated females, 11.9% (71.5) in isolated males, 10.8% (72.5) in handled control females, and 12.7 (71.5) in handled control males. A twofactor ANOVA on percent change in body weight revealed a nonsignificant effect of stress, sex, and the interaction of sex by stress (p's40.05). Thus, all groups lost a similar amount of weight under these extended access conditions and few signs of toxicity were observed.
Extinction and Cue-Induced Reinstatement Following a 10-Day Forced Abstinence Period Figure 2 illustrates the effects of sex and stress on extinction responding. Responding extinguished (defined as fewer than 15 responses during a 1-h session) for all animals within a maximum of 8, 1-h sessions, and the mean number of sessions to reach this extinction criteria was approximately 7 and did not significantly differ between groups (p40.05). The greatest levels of responding were observed within the first two 1-h extinction sessions and thereafter Figure 1 Effect of stress on levels of cocaine self-administration under a 24-h access discrete trial procedure in male and female rats. Mean (7SE) daily intake averaged across the 7 days of access under the discrete trial procedure for handled control and isolated male and female rats. Each data point represents the mean of 11, 10, 13, 11 rats for the handled control females, isolated females, handled control males, and isolated males, respectively. The asterisk indicates a significant difference between males and females (po0.05). responding showed a progressive decline. Females tended to respond at higher levels during the initial extinction sessions than did males, particularly among handled controls (Figure 2a ). Isolated rats responded at much higher levels under the extinction testing sessions compared with handled control rats, particularly within the first two extinction sessions (compare Figure 2a and b) . Compared to handled controls, isolated rats responded approximately 52% more under extinction testing conditions (42% for females and 62% for males; see insets). A two-factor repeated measures ANOVA revealed significant main effects of stress (F(1,40) ¼ 11.42, po0.01) and time (F(5,200) ¼ 31.26, po0.0001), a significant interaction of time by stress (F(5,200) ¼ 2.33, po0.05), and a trend for a significant interaction of time by stress by sex (F (5,200) ¼ 1.95, p ¼ 0.08). Thus, handled control females tended to respond at higher levels under the initial extinction sessions compared to handled control males and isolated rats responded at higher levels under extinction testing conditions compared to handled control rats.
Similarly, under cue-induced reinstatement testing conditions, isolated rats responded at much higher levels than did handled control rats (Figure 3 ). Isolated rats responded approximately 48% more under cue-induced reinstatement testing conditions than did handled control rats (44% for females and 53% for males). A repeated measures ANOVA comparing levels of responding under the cue reinstatement session relative to levels of responding under the last extinction session revealed a significant main effect of stress (F(1,40) ¼ 10.4, po0.01) and cue (F(1,40) ¼ 85.5, po0.001) and a significant interaction of cue by stress (F(1,40) ¼ 11.4, po0.01), but nonsignificant effects of sex (p40.05) and all interactions of sex (p's40.05). These data demonstrate that neonatal isolation similarly enhanced cue-induced reinstatement responding in both male and female rats.
DISCUSSION
The goal of this study was to investigate interactions between sex and stress on levels of cocaine intake under extended access conditions and on cue-induced reinstatement after such access. Under extended access conditions, females self-administered more cocaine than did males, but no effect of stress was observed. Stress effects were observed under extinction and cue-induced reinstatement testing conditions with isolated rats responding at higher levels compared to handled controls. Additionally, under extinction testing conditions, female handled controls tended to respond at higher levels during the initial extinction sessions compared to male handled controls, an effect that was obscured by neonatal isolation stress. Taken together, these findings demonstrate that both sex and stress alter vulnerability to cocaine self-administration during different phases of the addiction process.
Sex Differences
We have previously reported that under 24-h access conditions using a discrete trial procedure females take more cocaine over a 7-day testing period (Lynch and Taylor, 2004) . Here, we replicate this previous finding and extend it to include sex differences during extinction following such access conditions. Compared to handled control males, females tended to respond at higher levels, particularly during the initial extinction sessions. This finding is consistent with our previous work showing that females respond at higher levels under extinction testing conditions and our recent finding showing that following a 10-day forced abstinence period, females were more motivated to obtain cocaine infusions as measured by responding under a progressive-ratio schedule (Lynch and Taylor, 2004) . The lack of a sex difference under the cue-induced reinstatement testing conditions contrasts to our previous work showing that under a priming model of reinstatement, females respond on the lever formerly associated with cocaine at much higher levels than do males . This raises the possibility that sex differences during reinstatement may be relevant following internal cues (ie priming doses of cocaine), but not following secondary, external drug cues. Further work is necessary to determine the conditions necessary to produce reinstatement in male and female rats (eg cue-, cocaine-, and stress-induced reinstatement).
Effect of Stress
The present results showed that isolated rats responded at higher levels under extinction and cue-induced reinstatement conditions and acquired cocaine self-administration at a faster rate under high dose fixed ratio training conditions compared to handled control rats. These findings are consistent with previous work showing that stress is a vulnerability factor that affects cocaine selfadministration behavior during the different phases of cocaine abuse including acquisition, maintenance, and reinstatement (eg Goeders, 2002; Lu et al, 2003) , and they extend previous findings of stress as a vulnerability factor to include cocaine seeking behavior following extended access conditions. Additionally, these findings are consistent with previous work using a similar neonatal isolation procedure showing that neonatal isolation stress has enduring and Figure 3 Effect of stress on cue-induced reinstatement following a 10-day forced abstinence period. Mean (7SE) total levels of responding during the 1-h cue-induced reinstatement session for handled control females (n ¼ 10), isolated females (n ¼ 10), handled control males (n ¼ 13), and isolated males (n ¼ 11). The black bars (Baseline) show the mean (7SE) number of responses during the last 1-h extinction for each of the groups. The asterisk indicates a significant difference between handled control rats and isolated rats (po0.01).
robust effects on acquisition of cocaine self-administration in both male and female rats (Kosten et al, 2000 (Kosten et al, , 2004 .
In contrast to the present results showing that neonatal isolation potentiates cocaine seeking behavior and previous findings that neonatal isolation stress enhances cocaine selfadministration (Kosten et al, 2000 (Kosten et al, , 2004 , Matthews et al (1999) reported that 1 h/day of neonatal maternal separation had no effect, or attenuated, acquisition of cocaine selfadministration, particularly in female rats. Procedural differences between the neonatal maternal separation and the neonatal isolation procedure may explain this discrepancy. Specifically, with the maternal separation paradigm pups are separated from the dam and housed by litter, whereas, with the isolation paradigm pups are isolated from both the dam and their littermates. Numerous studies have investigated the effects of maternal separation on physiological changes, particularly with regard to HPA axis function. Results from these studies have shown that extended periods of separation (eg 24 h) were necessary to produce robust and enduring changes in HPA function (Schmidt et al, 2004; Levine, 2002; Rots et al, 1996) . In contrast, McCormick et al (1998) reported that rats that were isolated from mother and siblings for only 1 h/day from postnatal day 2 through 9 showed increased plasma corticosterone levels, much higher than normal corticosterone levels in control animals. This abnormal hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis demonstrates prolonged stress in the animal, and can affect later development (McCormick et al, 1998) . Previous work (McCormick et al, 2002) and unpublished results from our laboratory have shown that although basal levels of corticosterone decrease to normal levels by adulthood, juvenile rats that were neonatally isolated show a heightened corticosterone in response to an acute stressor (McCormick et al, 2002) , a finding that has been hypothesized to predict an increased vulnerability to cocaine self-administration (Marinelli and Piazza, 2002) .
These data also suggest that stress may obscure sex differences in cocaine seeking behavior. Specifically, consistent with our previous findings , handled control female rats in the present study tended to respond at higher levels than did handled control female rats under extinction testing conditions. However, isolated male rats, like female rats, responded at high levels under extinction testing conditions and they did not appear to differ from females in hourly levels of responding across the 6-h extinction sessions. This finding suggests that the effect of stress on extinction behavior may be more pronounced in males than females possibly due to a ceiling effect in females.
It should be noted that handling during the neonatal period has also been shown to lead to changes in the HPA axis function and responsivity to stress that could potentially impact cocaine self-administration behavior. Specifically, previous work has shown that handling pups during the neonatal isolation period protects the animals from stress in adulthood (relative to a nonhandled group; for a review see Meaney et al, 1991) , and thus would be predicted to reduce vulnerability to cocaine self-administration. However, in these previous studies, the handled groups were held and/or stroked for much longer periods of time than those used in the present study (eg typically 15 min or more compared to only approximately 30 s in the present study). Even still, we cannot rule out the possibility that differences between the handled control rats and the isolated rats might be due to changes in the handled control rats rather than due to the effects of neonatal isolation stress. However, this possibility seems unlikely given that our results are consistent with previous research on acquisition of cocaine self-administration in which isolated rats were compared with a nonhandled control group (Kosten et al, 2000 (Kosten et al, , 2004 . Further support for the idea that neonatal isolation stress, rather than brief handling, potentiated cocaine seeking behavior in the present study is provided by previous findings showing that although briefly handled and nonhandled rats differed from isolated rats on several physiological and behavioral measures, little, if any, differences were noted between briefly handled and nonhandled rats (McCormick et al, 1998; Kehoe et al, 1998) .
CONCLUSION
These data demonstrate that neonatal isolation stress potentiates cocaine seeking behavior following extended access to cocaine in both male and female rats. The effects of neonatal isolation stress were robust and, notably, endured well into adulthood. The effect of stress appeared to be equally, if not more effective in males than females, and under extinction testing conditions, obscured baseline sex differences in levels of responding bringing the males up to the females level. Although it is not precisely known what mediates sex differences in the various phases of drug selfadministration behavior, one strong possibility is ovarian hormones. Previous work has shown that estrogen, in particular, plays a critical role in modulating the behavioral and reinforcing effects of cocaine in both women (Sofuoglu et al, 1999) and female laboratory animals (Hu and Becker, 2003; Lynch et al, 2001 Roberts et al, 1989; Sircar and Kim, 1999; Sell et al, 2000; Walker et al, 2001a) . Notably, both sex and stress have been reported to modulate hypothalamic/pituitary/adrenal function (Kuhn and Francis, 1997; Walker et al, 2001a, b) , an important predictor of vulnerability to cocaine self-administration. Further work is necessary to determine mechanisms underlying the effects of sex and stress during different phases of addiction process.
